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What Is Claimed Is: 



A serum-free, eukaryotic cell culture medium supplement 
comprising one or more ingredients selected from the group consisting of 
albumins or albumin substitutes, one or more amino acids, one or more vitamins, 
one or more transferrinsvor transferrin substitutes, one or more antioxidants, one 
or more insulins or insuli A substitutes, one or more collagen precursors, and one 
or more trace elements, 

wherein a basal cell cklture medium supplemented with said supplement 
is capable of supporting the growth of embryonic stem cells in serum-free culture. 



2. A serum-free, eukaryotic cell culture medium supplement 



comprising an albumin _or an albun^i 
selected from group consisting of on< 
one or more transferrins or transfers 



substitute and one or more ingredients 
friore amino acids, one or more vitamins, 
sifcstitutes, one or more antioxidants, one 



or more insulins or insulin substitutes, on^Spr more collagen precursors, and one 
or more trace elements, 

wherein a basal cell culture medium supplemented with said supplement 
is capable of supporting the growth of embryonidstem cells in serum-free culture. 



3. The serum-free, eukaryotic cell culture medium supplement 
according to claim 1, wherein said antioxidant is selected from the group 
consisting of reduced glutathione and ascorbic acid an ascorbic acid-2-phosphate. 



4. The serum-free, eukaryotic cell cultural medium supplement 
according to claim 1, wherein said collagen precursor is selected from the group 
consisting of L-proline and multimers or derivatives thereof L-hydroxyproline 
multimers or derivatives thereof, and ascorbic acid and multiWrs thereof. 
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5. T^e serum-free, eukaryotic cell culture medium supplement 
according to claim L wherein said transferrin substitute is an iron chelate selected 
from the group consisting of a ferric citrate chelate and a ferrous sulfate chelate. 

6. The ser^m-free, eukaryotic cell culture medium supplement 
according to claim 5, wherein said transferrin substitute is ferrous sulphate -7 
water-EDTA. 



7. The serum-free, eukaryotic cell culture medium supplement 
□ according to claim 1, wherein s&id insulin substitute is selected from the group 

iii consisting of zinc chloride, zinc bromide, and zinc sulfate-7, water. 

J J ;1° 8. The serum-free, ^U&r^(ic cell culture medium supplement 

^ according to claim 7, wherein saic/pslilip substitute is zinc sulfate-7 water. 

]~ 9. The serum-free, eukaryotic cell culture medium supplement 

N 1 formulation according to claim 1, wherein haid amino acid ingredient comprises 

yR one or more amino acids selected from the grfeup consisting of glycine, L-alanine, 

15 L-asparagine, L-cysteine, L-aspartic acid, L-glutamic acid, L-phenylalanine, L- 

histidine, L-isoleucine, L-lysine, L-leucine\ L-glutamine, L-arginine, L- 
methionine, L-proline, L-hydroxyproline, L-serW, L-threonine, L-tryptophan, 
L-tyrosine, and L-valine, and derivatives thereof.\ 

10. The serum-free, eukaryotic cell culture medium supplement 
20 according to claim 1 , wherein said albumin substitute\is selected from the group 

consisting of bovine pituitary extract, plant hydrolVsate, fetal calf albumin 
(fetuin), egg albumin, human serum albumin (HSAA chick extract, bovine 
embryo extract, AlbuMAX® I, and AlbuMAX® II. 
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11. \ The serum-free, eukaryotic cell culture medium supplement 
according to claim 1, wherein said albumin substitute is AlbuMAX® L 

12. Tfye serum-free, eukaryotic cell culture medium supplement 



according to clairA 1, wherein said trace element ingredient comprises one or 



more trace element rrtoieties selected from the group consisting of Ag + , Al 3+ , Ba 2+ , 



Cd 2+ , Co 2+ , Cr*\ Ge 4+ ^e 4+ 5 Br, I", Mn 2+ , P, Si 4+ , V 5 \ Mo 6+ , Ni 2+ , Rb + , Sn 2+ and 



13. The serum-nree, eukaryotic cell culture medium supplement 
according to claim 1 , whereimsaid supplement is concentrated. t 

14. The serum-free, Wkai^dtic cell culture medium supplement 



to about 10-fold. D\\ 

15. The serum-free, gukaryptic cell culture medium supplement 
according to claim 1, wherein said supplement is added to a basal medium to a 
final concentration of about 0.5% to aboun90%. 

16. The serum-free, eukaryotic cell culture medium supplement 
according to claim 15, wherein said supplement is added to a basal medium to a 
final concentration of about 5% to about 50%. \ 




Zr 4+ . 



according to claim 1 , wherein said suppL 



is concentrated from about 2-fold 



17. The serum-free, eukaryotic cell culture medium supplement 
according to claim 16, wherein said supplement is abided to a basal medium to a 
final concentration of about 5% to about 30%. \ 
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18. YThe serum-free, eukaryotic cell culture medium supplement 
according to clatpi 17, wherein said supplement is added to a basal medium to a 
final concentration of about 5% to about 20%. 

19. The s&rum-free, eukaryotic cell culture medium supplement 
according to claim 18, v)herein said supplement is added to a basal medium to a 
final concentration of aboV 15%. 



RIO 
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20. A serum-free, eukaryotic cell culture medium supplement obtained 
by combining an albumin or an\albumin substitute and one or more ingredients 
selected from group consisting ofW or more amino acids, one or more vitamins, 
one or more transferrins or transferrin substitutes, one or more antioxidants, one 
or more insulins or insulin substitutes^ one op^nore collagen precursors, and one 
or more trace elements, 

wherein a basal cell culture medium supplemented with the supplement 
is capable of supporting the growth of e^bWoiiic stem cells in serum-free culture. 

21. A serum-free, eukaryotic ©ell culture medium supplement 
comprising AlbuMAX® I, glycine, K-histidirie, L-isoleucine, L-methionine, L- 
phenylalanine, L-proline, L-hydroxyproline, L-aerine, L-threonine, L-tryptophan, 
L -tyrosine, L-valine, thiamine, reduced glutathione, L-ascorbic acid-2-phosphate, 
iron saturated transferrin, insulin, sodium selenite, Ag + , Al 3+ , Ba 2+ , Cd 2+ , Co 2+ , 
Cr 3 *, Ge 4+ , Se 4+ , Br, P, Mn 2+ , P, Si 4+ , V 5+ , Mo 6+ , W\ R±r, Sn 2+ and Zr 4+ , 

wherein a basal cell culture medium supplemented with said supplement 
is capable of supporting the growth of embryonic stem cells in serum-free culture. 
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22 . A serum-free, eukaryotic cell culture medium supplement obtained 
by combining water, AlbuMAX® I, glycine, L-histidine-HCl-water, L-isoleucine, 
L-methionine, L-phenylalanine, L-proline, L-hydroxyproline, L-serine, L- 
threonine, L-tryptophan, L-tyrosine, L-valine, thiamine, reduced glutathione, L- 
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scorbic acid-2 -phosphate, iron saturated transferrin, insulin, sodium selenite, a 
Ag\alt, an Al 3+ salt, a Ba 2+ salt, a Cd 2+ salt, a Co 2+ salt, a Cr 3 ^ salt, a Ge 4+ salt, 
a Se 4+ sMt, a Br salt, an P salt, a Mn 2+ salt, a F~ salt, a Si 4+ salt, a V 5+ salt, a Mo 6+ 
salt, a Ni 2 \alt, a Rb + salt, a Sn 2+ salt, and a Zr 4+ salt, 

wherein each ingredient is present in an amount which, when added to a 
basal medium, supports the growth of embryonic stem cells in serum-free culture. 



10 



15 



23. The sehim-free, eukaryotic cell culture medium supplement 
according to claim 22, wfterein said Ag + salt is AgN0 3 , said Al 3+ salt is AlCl 3 -6 
water, said Ba 2+ salt is Ba(Q>H 3 0 2 ) 2 , said Cd 2+ salt is CdS0 4 -8 water, said Co 2+ 
salt is CoCl 2 -6 water, said Cr^alt is Cr 2 (S0 4 ) 3 -l water, said Ge 4+ salt is Ge0 2 , 
said Se 4+ salt is both Na 2 Se0 3 ancPH 2 Se<p 3 , said Br salt is KBr, said I" salt is KI, 



said Mn 2+ salt is MnCl 2 ,-4 water, s£ 



4fl 



water, said V 5+ salt is NaV0 3 , said^ldf 
salt is NiS0 4 -6 water, said Rb + salt $ Rb 
salt is ZrOCl 9 *8 water. 



"salt is NaF, said Si 4- salt is Na 2 Si0 3 -9 
salt is (NH 4 ) 6 Mo 7 0 24 -4 water, said Ni 2+ 
1, said Sn 2+ salt is SnCl 2 , and said Zr 4+ 
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24. A method of making a senim-fr&e, eukaryotic cell culture medium 
supplement, said method comprising admixing water, AlbuMAX® I, glycine, L- 
histidine, L-isoleucine, L-methionine, L-phenylalanine, L-proline, L- 
hydroxyproline, L-serine, L-threonine, L-tryptophan, L-tyrosine, L-valine, 
thiamine, reduced glutathione, L-ascorbic acid-2-phosphate, iron saturated 
transferrin, insulin, sodium selenite, a Ag + salt, an Al 3 \ salt, a Ba 2+ salt, a Cd 2+ 
salt, a Co 2+ salt, a Cr 3 * salt, a Ge 4+ salt, a Se 4+ salt, a Br sal^ an P salt, a Mn 2+ salt, 
a F" salt, a Si 4+ salt, a V 5+ salt, a Mo 6+ salt, a Ni 2+ salt, a RbA^alt, a Sn 2+ salt, and 
a Zr 4+ salt, 

wherein each ingredient is present in an amount which,When added to a 
basal medium, supports the growth of embryonic stem cells in serW-free culture. 
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25\ The method according to claim 23, wherein said said Ag + salt is 
AgN0 3 , said^P salt is AlCl 3 -6 water, said Ba 2+ salt is Ba(C 2 H 3 02) 2 , said Cd 2+ 
salt is CdS0 4 -8 \Wter, said Co 2+ salt is CoCl 2 -6 water, said Cr 3 * salt is Cr 2 (S0 4 ) 3 -l 
water, said Ge 4+ salt is Ge0 2 , said Se 4+ salt is both Na 2 Se0 3 and H 2 Se0 3 , said Br 
salt is KBr, said I' salt is KI, said Mn 2+ salt is MnCl 2 ,-4 water, said F' salt is NaF, 
said Si 4+ salt is Na 2 Si0 3 -9 water, said V 5+ salt is NaV0 3 , said Mo &lt is 
(NH 4 ) 6 Mo 7 0 24 -4 water, said Ni 2+ salt is NiS0 4 -6 water, said Rb + salt is RbCl, said 
Sn 2+ salt is SnCl 2 , and saidZr 4+ salt is ZrOCl 2 -8 water. 
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26. A serum-free Eukaryotic cell culture medium comprising a basal 
cell culture medium supplemented with the serum-free cell culture supplement 
according to claim 1 , 

Itikre medium is capable of supporting the 



wherein said supplementedXqu'fti 
growth of embryonic stem cells in 



-free culture. 



27. The serum-free eukferyotik cell culture medium according to claim 
26, wherein said medium is a IX mediumNformulation. 



28. The serum-free eukaryotic cell Culture medium according to claim 
26, wherein said medium is a concentrated medium formulation. 
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29. The serum-free, eukaryotic cell culturk medium according to claim 
26, wherein the final concentration of said supplement is about 0.5% to about 
90%. 



30. The serum-free, eukaryotic cell culture mediutai according to claim 
29, wherein the final concentration of said supplement is abou\5% to about 50%. 



3 1 . The serum-free, eukaryotic cell culture medium according to claim 
30. wherein the final concentration of said supplement is about 5% taabout 30%. 
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32. \rhe serum-free, eukaryotic cell culture medium according to claim 
31, wherein the final concentration of said supplement is about 5% to about 20%. 

3 3 . The sWum-free, eukaryotic cell culture medium according to claim 
30, wherein the final concentration of said supplement is about 15%. 



34. A serum-itee eukaryotic cell culture medium obtained by 
combining a basal cell cultur^ medium with the serum-free supplement according 
to claim 1 , 

wherein said medium isNcapable^of supporting the growth of embryonic 
stem cells in serum-free culture. A 

35. A method of making^serlim-free eukaryotic cell culture medium, 
said method comprising admixing \ basal cell culture medium with the 
supplement according to claim III J 

wherein said medium is capable oi\supporting the growth of embryonic 
stem cells in serum-free culture. 



36. The method according to claim wherein said medium is a IX 
formulation. 

37. The method according to claim 35,\wherein said medium is a 
concentrated formulation. 



38. The serum-free, eukaryotic cell culture medium according to the 
method of claim 35, wherein the final concentration of said supplement is about 
0.5% to about 90%. 
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39. The serum-free, eukaryotic cell culture medium according to the 
method of claim 38\wherein the final concentration of said supplement is about 
5% to about 50%. 

40. The serumrfree, eukaryotic cell culture medium according to the 
method of claim 39, wherein the final concentration of said supplement is about 
5% to about 30%. 

41 . The serum-free, eiikaryotic cell culture medium according to the 
method of claim 40, wherein the final concentration of said supplement is about 
5% to about 20%. 
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42. The serum-free, eukaryo 
method of claim 41, wherein the final cq 
15%. 



ulture medium according to the 
ion of said supplement is about 



43. A composition comprising embryonic stem cells in a serum-free 
medium, wherein said serum-free mediipn is capable of supporting the growth of 
embryonic stem cells in serum-free culture. 



44. The composition according to claim 43,>^vherein said medium is 
the medium according to claim 26 or 34. 

45. The composition according to claim 44, wherein said composition 
is capable of being stored indefinitely at less than or equal ta about -135°C. 



20 



46. The composition according to claim 45, wherein said embryonic 
stem cells are obtained from an animal selected from the groub consisting of 
human, monkey, ape, mouse, rat, hamster, rabbit, guinea pig, cow, swine, dog, 
horse, cat, goat, sheep, bird, reptile, fish, and amphibian. 



20 
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4 A The composition according to claim 46, wherein said embryonic 
stem cells ate obtained from an animal selected from the group consisting of 
mouse, cow, goat, and sheep. 

48. The composition according to claim 47, wherein said embryonic 
stem cells are obtained from mouse. 

49. A product of manufacture comprising a container means 
containing embryonic stem cells and the supplement according to claim 1 . 

50. A product \ of manufacture comprising a container means 
containing embryonic stem iells in the medium according to claim 26 or 34. 



10 51. A product of m^iufa^ture^comprising one or more container 



means, wherein a first container 



wherein optionally a third contai 



contains the supplement according to 



claim 1 5 wherein optionally a seciofa container means contains a basal medium, 



ieans contains embry onic stem cells. 



52. A product of manufacture comprising one or more container 
15 means, wherein a first container means contains the medium according to claim 

26 or 34, wherein optionally a second container means contains embryonic stem 
cells. 

53 . The product of manufacture accordW to any one of claims 49-52, 
wherein said product of manufacture is in a frozen Wte. 



54. A method of expanding embryonic stem cells in serum-free 
culture, said method comprising 

(a) contacting said embryonic stem cells with the medium according 
to claim 26 or 34; and 
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(b) \ cultivating said embryonic stem cells under serum-free conditions 
suitable to facilitate the expansion said embryonic stem cells. 



55. The method according to claim 54, wherein said method further 
comprises seeding\aid embryonic stem cells upon a layer of feeder cells. 
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56. A method of producing a transgenic animal, said method 
comprising \ 

(a) cultivating Wbryonic stem cells in the medium according to claim 
26 or 34; \ 

(b) introducing aWcleic acid molecule into said embryonic stem 



cells; 



(c) selecting a recombinant embjyonic stem cell clone; 



rjit 



t embryonic stem cell clone to form a 



(d) expanding said rec^mbi 
population; 

(e) injecting an alidfyot tyf said recombinant embryonic stem cell 
clonal population into a blastoqyst; 

(f) transferring saiq injected blastocyst into a host pseudopregnant 
female animal; and 

(g) selecting transgenic offspring. 
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57. The method according to claim>56 5 wherein said cultivating further 
comprises 

(al) contacting said embryonic stem c^lls with the medium according 
to claim 26 or 34; and 

(a2) cultivating said embryonic stem cell^under serum-free conditions 
suitable to facilitate the expansion said embryonic stem cells in serum-free 
culture. 
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58/\ The method according to claim 57 wherein said method comprises 
seeding said embryonic stem cells upon a layer of feeder cells. 



10 



15 



59. A method of producing a transgenic animal, said method 
comprising 

(a) cultivatin^mbryonic stem cells in the medium according to claim 
26 or 34; 

(b) introducing a l^ucleic acid molecule into said embryonic stem 

cells; 

(c) selecting a recombinant embryonic stem cell clone; 

(d) expanding said recombinant embryonic stem cell clone to form a 
population; 

(e) co-culturing a small nurqft^ of th ^prribry onic stem cells with early 
stage embryos to form aggregates of eMbV-os; 

(f) transferring said aggregated ^nljryos into a host pseudopregnant 
female animal; and 

(g) selecting transgenic dff spring. 
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60. The method according to claim 59, wherein said cultivating further 
comprises 

(al) contacting said embryonic stem cells wftji the medium according 
to claim 26 or 34; and 

(a2) cultivating said embryonic stem cells under\serum-free conditions 
suitable to facilitate the expansion said embryonic stem\cells in serum-free 
culture. 
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6 1 . The method according to claim 60 wherein said method comprises 
seeding said embryonic stem cells upon a layer of feeder cells. 
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62\^ A method of producing a recombinant protein from a transgenic 
animal, saicrmethod comprising 

(a) Cultivating embryonic stem cells in the medium according to claim 
26 or 34; 

(b) introducing a nucleic acid construct comprising a nucleic acid 
molecule which encodes a protein of interest encoding said protein into said 
embryonic stem cells; 

(c) selecting k recombinant embryonic stem cell clone; 

(d) expanding said recombinant embryonic stem cell clone to form a 
population of recombinant embryonic stem cells; 

(e) injecting said recombinant embryonic stem cell clonal population 
into a blastocyst; 

(f) transferring said inj^tfed blastocyst into a host pseudopregnant 
female animal; 

(g) selecting transgenic cabling; 

(h) raising said selectejfl|ransefenic animal(s) under conditions suitable 
to promote the health of said trar sgenicjanimal; and 

(i) isolating said recombinant protein from said transgenic animal. 
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63 . The method according to claim 62\ wherein said cultivating further 
comprises 

(al) contacting said embryonic stem cell^with the medium according 
to claim 26 or 34; and 

(a2) cultivating said embryonic stem cells uAder serum-free conditions 
suitable to facilitate the expansion of said embryonic ^tern cells in serum-free 
culture. 



64. The method according to claim 63 , wherein said method further 
comprises seeding said embryonic stem cells upon a layer of feeder cells. 



+ 
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^\>5. A method of producing a recombinant protein from a transgenic 
animal, skid method comprising 

(a) \ cultivating embryonic stem cells in the medium according to claim 
26 or 34; 

(b) introducing a nucleic acid construct comprising a nucleic acid 
molecule which encodes a protein of interest encoding said protein into said 
embryonic stem celts; 

(c) selecting a recombinant embryonic stem cell clone; 

(d) expandin&said recombinant embryonic stem cell clone to form a 
population of recombinanrembryonic stem cells; 

(e) co-culturing a^mall number of the embryonic stem cells with early 
stage embryos to form aggregates of embryos; 

(f) transferring said a^gregat^I ehibjyos into a host pseudopregnant 
female animal; and 

(g) selecting transgenic difsprjAg: 

(h) raising said selected t^ap^genic 
to promote the health of said transg 

(i) isolating said recor 



animal(s) under conditions suitable 



rJ L 



fenic animal; and 

3 

binant Wotein from said transgenic animal. 



66. The method according to clairr\ 67, wherein said method further 
comprises 

(al) contacting said embryonic stem cells with the medium according 
to claim 26 or 34; and 

(a2) cultivating said embryonic stem cells iuider serum-free conditions 
suitable to facilitate the expansion of said embryonicystem cells in serum-free 
culture. 



67. The method according to claim 66, whereimsaid method further 
comprises seeding said embryonic stem cells upon a layer orvfeeder cells. 



• 
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68. A method for controlling or preventing the differentiation of 
embryonic stem cells in serum-free culture, said method comprising 

(a) V contacting said embryonic stem cells with the medium according 
to claim 26 or 34; and 

(b) cultivating said embryonic stem cells under serum-free conditions 
suitable to control W prevent the differentiation of embryonic stem cells and 
facilitate the expansion of said embryonic stem cells in serum-free culture. 

69. The method according to claim 68, wherein said method further 
comprises seeding said embryonic stem cells upon a layer of feeder cells. 



70. The method according tar&laim 69, wherein said cultivating further 
comprises supplementing said m^cUum ^ith,one or more factors which control 



or prevent the differentiation of sam er 



^onic stem cells. 



71 . The method according tQ glaim 70, wherein said factor is selected 
from the group consisting of leukemiayinhibitory factor, steel factor, ciliary 
neurotrophic factor, and oncostatin M. 



72. The method according to claim yl , wherein said factor is leukemia 
inhibitory factor. 



73. The method according to claim 7l\ wherein said factor is steel 



factor. 



74. The method according to claim 71, wherein said factor is ciliary 
neurotrophic factor. 



75. The method according to claim 71 , whereinWid factor is 
oncostatin M. \ 
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7^. A method of causing embryonic stem cells to differentiate into a 
particular ty^e of cell in serum-free culture, said method comprising 

(a) contacting said embryonic stem cells with the medium according 
to claim 26 or 34; 

(b) cultivating said embryonic stem cells under conditions suitable to 
facilitate the expansion, of embryonic stem cells in serum-free culture; and 

(c) adding a differentiation factor or changing culturing conditions to 
induce differentiation of embryonic stem cells to form a different type of cell. 
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77. The method according to claim 76, wherein said method further 
comprises seeding said embryoriic stem cells upon a layer of feeder cells. 
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78. The method accordir^to^taim 76, wherein said cultivating said 
embryonic stem cells under conditi<piis suitable to prevent the differentiation of 
and facilitate the expansion of saia ceirs further comprises supplementing said 
culture medium with one or more growth fetors which prevent differentiation of 
said embryonic stem cells. 



79. The method according to claim\76, wherein said cultivating said 
expanded embryonic stem cells further comprises supplementing said culture 
medium with one or more growth factors which facilitate differentiation of said 
embryonic stem cells. 
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80. A method of providing differentiated\embryonic stem cells, in 
serum-free culture, to a mammal, said method comprising 

(a) contacting embryonic stem cells with thdy medium according to 
claim 26 or 34; 

(b) cultivating said embryonic stem cells under conditions suitable to 
facilitate the expansion of embryonic stem cells in serum-fre\culture; 
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(c) adding a differentiation factor or changing culturing conditions to 
induce differentiation of embryonic stem cells to form a different type of cell; and 

(d) \introducing said differentiated cells into a mammal. 

8 1 . Thdonethod according to claim 80, wherein said method further 
comprises seeding said embryonic stem cells upon a layer of feeder cells. 
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82. The method according to claim 80, wherein said cultivating said 
embryonic stem cells und^r serum-free conditions suitable to prevent the 
differentiation of said cells further comprises supplementing said culture medium 
with one or more factors. 



8 3 . The method accordir 
inhibitory factor. 



<5fair 



aim 82. wherein said factor is leukemia 



84. The method according to 6laim 80, wherein said cultivating said 
expanded embryonic stem cells under serumXfree conditions suitable to induce the 
differentiation of said cells further comprises supplementing said culture medium 
with one or more growth factors. 
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85. A method of obtaining embryom\j stem cells in serum-free 
culture, said method comprising 

(a) isolating embryonic stem cells from blastocysts; and 

(b) cultivating said isolated embryonic stejn cells in the medium 
according to claim 26 or 34. 
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86. A method of producing recombinant protein embryonic stem cells 
in serum-free culture, said method comprising 

(a) obtaining a recombinant embryonic stem cell containing a nucleic 
acid molecule which encodes a protein of interest; 
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(b) \ulturing said embryonic stem cell in serum free culture to form 
a population of recombinant embryonic stem cells; and 

(c) isolating said protein from said embryonic stem cells or from the 
medium in which said cfells are cultured. 



87. The method 
comprises 

(cl) isolating s: 



to claim 87, wherein said isolating further 



from said embryonic stem cells. 




88. The method according to\claim 86, wherein said isolating further 
comprises / 

(cl) isolating said protein from shid harvested medium. 




